Mississippi State University

Scholars Junction
ME 4233/6233 Fundamentals of FEA

College of Engineering, James Worth Bagley

April 2022

A Computational Approach for the Estimation of Elastic Behavior
of Metal Matrix Composites
Emmanuel Michalakis
Mississippi State University, em1701@msstate.edu

Follow this and additional works at: https://scholarsjunction.msstate.edu/fea
Part of the Applied Mechanics Commons, and the Engineering Physics Commons

Recommended Citation
Michalakis, Emmanuel, "A Computational Approach for the Estimation of Elastic Behavior of Metal Matrix
Composites" (2022). ME 4233/6233 Fundamentals of FEA. 1.
https://scholarsjunction.msstate.edu/fea/1

This Infographic is brought to you for free and open access by the College of Engineering, James Worth Bagley at
Scholars Junction. It has been accepted for inclusion in ME 4233/6233 Fundamentals of FEA by an authorized
administrator of Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

DETERMINE THE
PROBLEM
The current work
presents a
computational
approach that can
estimate the elastic
behavior of metal matrix
particulate
composites using
finite element models of
representative
volume elements (RVEs)
which have been used to
test and design particulate
composite materials.

COMPUTATIONAL
HOMOGENIZATION
METHODOLOGY
Computational
homogenization utilizes
microscale FE model of
microstructures
consisting of multiple
phases to determine the
overall bulk properties of
the composite. In this
regard, the microscale FE
model is solved under
different loading conditions
to determine the elasticity
matrix of the composite
which can then be used to
calculate the elastic properties of the composite.

MATHEMATICAL MODEL
•

The first step is the solution of the FE model
under one of the strain boundary conditions

•

After solution of the FE model, the volumetric averages of the stress field components
are calculated. The six average stresses can be
used to calculate six elements of the elasticity
matrix.

•

When the FEA model is solved for all six
strain boundary conditions, the entire six by
six elasticity matrix is generated.

•

The homogenized elasticity matrix can be determine the elasticity properties of the composite. For orthotropic composite the compliance matrix is

FE MODEL

•

Geometry generation

The inputs to the geometry generation are the required
volume fraction of the inclusions and the number of inclusion particles to be placed in the RVE.
• Material models
Isotropic linear elastic material models are used for the
matrix as well as the inclusions. In ABAQUS, the materials are assigned to the matrix and spherical inclusions
by assigning the appropriate material section to the
volumes.
• Loads and boundary conditions
Periodic boundary conditions are applied to the RVE
model. In the current work, an open-source ABAQUS
plugin “EasyPBC” has been used to apply the periodic
boundary conditions.
• Meshing

Free tetrahedral element meshing is used for the model.

STATIC ANALYSIS RESULTS
•

•

•
•
•

To determine the required size of the
RVE for the determination of elastic
properties, computational microstructures were generated with 10, 25,
50,100 and 200 inclusions each with
five random microstructure
realizations (n = 5) generated
For each case, we tested volume fractions of 20%, 25%, 30%, 35%
and 40%.
Porosities were considered
Elasticity convergence between E11,
E22 and E33
The variation of the homogenized
elastic modulus was explored with
Einc/Emat equal to 2, 5 and 10, 25
and 50.

